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1.0  INTRODUCTION 

Heterojunctions  of  III-V  compounds  have  long  been  of  technolo- 
gical interest,  and  more  recently  have  been  the  subject  of  a wide  range 
of  theoretical  and  experimental  treatments.  Particularly,  the  roles  of 
the  microscopic  properties  of  the  heterojunctions,  such  as  interfacial 
bonding,  atomic  redistribution,  and  interface-related  defect  distributions, 
have  been  recognized  to  be  extremely  important.  Experiments  such  as  Auger 
profiling,  XPS,  and  UPS  have  been  utilized  to  investigate  the  physical  and 
electronic  nature  of  the  heterojunction  on  an  atomic  scale,  while  experi- 
ments concerned  with  carrier  confinement  at  potential  wells  produced  by 
heterojunction  band  discontinuities  attest  to  the  validity  of  present  models 
of  heterojunction  band  behavior.  Some  of  these  experiments  have  been  made 
possible  only  by  the  use  of  molecular  beam  epitaxy  (MBE)  to  grow  the 
necessary  atomically  abrupt  junctions. 

Despite  this  progress,  a consistent  and  complete  picture  of 
heterojunction  properties  has  yet  to  emerge,  and  in  some  cases  it  is  not 
known  whether  experimental  discrepancies  are  due  to  differences  in  growth 
techniques  or  to  fundamental  differences  in  what  each  experiment  observes. 
For  example,  in  experiments  where  photoresponse  is  measured  or  carrier 
confinement  in  potential  wells  is  observed,  experiments  have  shown  agree- 
ment with  simple  models  which  derive  band  edge  behavior  based  on  Poisson's 
equation  and  knowledge  of  band  edge  energies  in  bulk  material.  Such  models 
predict  an  observable  barrier  in  GaAs(n)-GaAlAs(n)  heterojunctions,  for 
example.  Transport  experiments,  however,  have  failed  to  confirm  the  pre- 
dicted rectification  except  in  one  recent  experiment  in  which  material 
with  an  extremely  low  doping  density  was  used^. 

The  intent  of  this  contract  is  to  use  molecular  beam  epitaxy 
(MBE)  to  aid  in  the  investigation  of  some  of  the  fundamental  properties  of 
some  heterojunctions  which  are  of  technological  interest,  namely  junctions 
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in  the  A16aAs/GaAs  and  Ge/GaAs  systems.  Since  the  abruptness  of  the  hetero- 
junctions can  have  a profound  effect  on  its  properties,  it  is  anticipated 
that  the  use  of  MBE  to  grow  extremely  abrupt  junctions  can  lead  to  a 
clearer  understanding  of  the  basic  nature  of  such  junctions.  As  discussed 
above,  the  general  absence  of  rectification  in  a GaAs(n)/AlGaAs(n)  hetero- 
junction is  not  understood,  and  may  arise  from  effects  due  to  the  nature 
of  the  material  growth  techniques  used  to  form  the  junction.  The  use  of 
MBE  to  form  metal lurgical ly  ideal  junctions  could  help  to  explain  this 
phenomenon . 

This  report  contains  in  section  2 a discussion  of  the  technical 


work  done,  including  technical  difficulties  encountered  with  the  material 
system  which  was  explored  (AlGaAs/GaAs).  The  results  and  recommendation 
for  future  work  are  summarized  in  section  3. 
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2.0  TECHNICAL  DISCUSSION 

In  this  section,  we  outline  the  technical  aspects  of  the  project. 
First,  we  discuss  the  material  systems  and  experiments  which  were  attempted. 
We  then  discuss  the  results  which  were  obtained. 

2.1  Project  Outline 

At  the  outset  of  this  project,  three  areas  were  considered  for 
investigation  of  heterojunction  properties.  All  of  these  were  chosen  to 
take  advantage  of  the  extremely  abrupt  junctions  obtainable  by  MBE,  and 
to  apply  MBE  to  heterojunction  experiments  of  current  interest.  These 
areas  were:  1)  Investigation  of  the  growth  of  Ge/GaAs  hetero junctions,  and 
the  electrical  characterization  of  the  Ge  on  GaAs  epilayers  and  interfaces, 
2)  growth  of  AlAs/GaAs  hetero junctions  suitable  for  ESCA  measurements  of 
the  valence  band  discontinuity  in  the  GaAs/AlAs  system,  3)  investigation 
of  the  existence  of  a conduction  band  spi ke  in  the  GaAs(n)/AlGaAs(n) 
heterojunction  in  light  of  the  commonly  observed  lack  of  rectification 
in  this  junction. 

2.2  Investigation  of  Ge/GaAs  Heterojunctions 

Only  a small  amount  of  work  was  done  with  this  system  for  several 
reasons.  The  first  reason  was  that  our  experience  previous  to  this  con- 
tract had  shown  that  Ge  layers  grown  on  GaAs  had  high  carrier  concentration 
(nsl018/cm3),  presumably  due  to  As  doping  of  the  Ge  layer.  This  limited 
the  type  of  measurements  which  could  be  made  on  Ge/GaAs  heterojunctions. 

The  second  reason  was  that  Ge  is  an  n-type  dopant  for  GaAs  (under  As-rich 
growth  conditions)  and  experience  had  shown  that  deposition  of  large  amounts 
of  dopant  material  in  the  MBE  chamber  could  cause  high  background  doping 
in  subsequent  GaAs  epilayers.  Therefore  Ge  layer  growth  received  low 
priority.  Finally,  most  of  the  impetus  for  studying  Ge/GaAs  heterojunctions 
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came  from  another  ONR  contractor  who  was  unable  to  make  use  of  any  Ge/GaAs 
epilayers  until  late  in  our  contract  year. 

Some  work  was  done  in  preparation  for  growing  Ge  epilayers  on 
GaAs.  A new  Ge  source  was  constructed,  and  one  Ge  epi layer  was  grown 
on  GaAs.  This  layer  was  heavily  contaminated  by  gallium  which  had  acci- 
dentally been  transferred  from  the  chamber  LNg  shrouding  to  the  source 
thermal  radiation  shielding  during  source  loading.  The  source  was  sub- 
sequently cleaned  and  reloaded,  but  no  further  Ge  growths  were  made  before 
the  end  of  the  contract  period. 

2.3  Investigation  of  the  GaAs/AIGaAs  System 

Essentially  all  the  effort  of  this  contract  was  directed  toward 
understanding  the  GaAs/AIGaAs  system.  Layers  were  grown  for  experiments 
to  determine  the  abruptness  of  the  GaAs/AIGaAs  heterojunction  (in  conjunc- 
tion with  Prof.  Spicer's  group  at  Stanford  University),  for  experiments 
to  determine  valence  band  edge  discontinuities  (in  conjunction  with  Ron 
Grant,  Science  Center),  and  for  our  own  efforts  to  look  for  rectification 
in  GaAs(n)/AlGaAs(n)  heterojunctions  (with  measurements  made  in  conjunction 
with  Prof.  H.  Kroemer  at  U.C.S.B.).  Table  1 lists  all  the  MBE  layers  grown 
for  this  series  of  experiments.  Technical  details  of  each  experiment  are 
given  here. 

2.3.1  GaAs/GaAlAs  Heterojunction  Abruptness  Studies 

Two  MBE  growths  were  made  early  in  the  project  for  Mr.  Mike 
Garner  at  Stanford  University  (Prof.  William  Spicer's  group)  to  investi- 
gate the  heterojunction  width  by  sputter-etch  profiling,  using  Auger  elec- 
tron spectroscopy  (AES)  to  observe  the  junction.  Both  samples  were  grown 
with  a thin  MBE  AlGaAs  layer  on  top  of  an  MBE  GaAs  layer  about  lMm  thick. 

In  the  first  sample,  the  600A  thick  A1  gGa  2^s  layer  was  found  by  AES  to 
be  oxidized  through.  The  second  sample  had  an  A1  ^Ga  ^As  layer  150±20A 
thick  and  was  successfully  used  for  AES  profiling  of  the  interface  region. 
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This  layer  was  found  to  be  abrupt  on  the  scale  of  instrument  resolution 
(10-15A),  with  a junction  depth  of  140A^ . A depth  profile  of  the  A1  LVV 
Auger  signal  is  shown  in  Fig.  1. 

2.3.2  GaAs/AlAs  Valence  Band  Discontinuity  Studies 

Three  sample  were  grown  by  MBE  for  ESCA  studies  of  the  valence 
band  discontinuity  at  the  GaAs/AlAs  heterojunction.  These  samples  were 
delivered  to  Dr.  R.  Grant  at  the  Science  Center  and  the  results  of  his 
measurements  are  reported  under  his  ONR  contract.  These  samples  consisted 
of  substrate  GaAs,  1pm  of  GaAs  buffer  layer,  0.5pm  AlAs,  and  a covering 
layer  of  50A  to  100A  GaAs.  The  thin  GaAs  layer  is  used  to  prevent  oxida- 
tion of  the  AlAs  while  allowing  sputter  cleaning  of  the  AlAs  surface. 

These  samples  were  grown  on  (110),  (111)  and  (100)  oriented  GaAs,  to  allow 
angular  effects  in  the  ESCA  spectrum  to  be  determined.  These  samples  are 
now  being  used  for  ESCA  experiments  and  appear  to  be  satisfactory. 

2.3.3  GaAs/GaAlAs  Hetero junction  Characterization 

By  far  the  largest  effort  on  this  contract  was  expended  on  the 
material  growth  aspects  of  this  heterojunction.  The  structure  which  was 
to  be  grown  was  a GaAs(n)/GaAl As(n)/GaAs(n)  double  heterojunction.  It 
was  planned  to  grow  this  structure  with  doping  appropriate  for  C-V  pro- 
filing of  both  interfaces.  This  was  to  be  done  in  conjunction  with  Prof. 

H.  Kroemer  of  U.C.S.B.  Also,  measurements  would  be  made  of  GaAs(n)/ 
GaAlAs(n)  heterojunctions  to  look  for  evidence  of  a rectifying  spike  in  the 
GaAlAs  conduction  band. 

A large  amount  of  effort  was  spent  in  developing  techniques  to 

produce  MBE  n-type  AlGaAs  suitable  for  these  structures.  Initial  attempts 

at  producing  n-type  AlGaAs  produced  high  resistivity  material.  For  example, 

sample  141  (see  Table  1)  was  grown  with  only  4%  A1 , and  a Sn  dopant  flux 

17  3 

sufficient  to  give  2 x 10  /cm  , yet  the  resistivity  of  the  layer  was 
measured  to  be  about  2 x lO^ft-cm  at  room  temperature. 
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A number  of  measures  were  taken  which  resulted  in  low  resistivity 
material.  The  first  steps  were  to  reduce  the  background  of  H20,  CO,  and 
C02  present  in  the  chamber  during  growth.  To  do  this,  the  shroud  sur- 
rounding the  sources  was  changed  from  water  cooling  to  liquid  nitrogen 
cooling.  This  change  meant  that  only  LN2  cooled  surfaces  and  the  sources 
themselves  were  in  line-of-sight  of  the  substrate  during  growth.  Addition- 
ally, a 10° K cryogenic  pump  was  purchased  with  Rockwell  capital  equipment 
funds  to  add  pumping  speed  for  CO.  These  figures  served  to  reduce  back- 
ground contaminants  significantly.  Figures  2 and  3 are  mass  spectrometer 
scans  taken  during  the  growth  of  samples  141  (high  resistivity)  and  206 
(our  first  successful  low  resistivity  n-type  AlGaAs  growth).  Although  the 
mass  spectrometer  sensitivity  varied  some  with  time,  exposure  to  various 
atmospheres,  and  the  exact  positioning  of  the  substrate  holder,  these 
traces  were  chosen  to  be  representative  of  the  amount  of  background  reduc- 
tion produced  by  the  steps  outlined  above. 

Despite  these  background  gas  reductions,  the  AlGaAs  grown  was 
still  high  resistivity  material.  Various  As/Ga  ratios  and  substrate  tem- 
peratures were  used,  with  no  success.  Evidence  suggested  that  the  A1  (and 
perhaps  Ga)  sources  were  a partial  cause  of  this.  Background  CO,  although 
reduced  in  general  from  previous  levels,  continued  to  be  very  sensitively 
dependent  on  the  preparation  and  degassing  of  the  A1  source.  Figure  4 is 
a mass  spectrometer  trace  taken  during  growth  of  epilayer  196,  which  was 
high  resistivity  AlGaAs.  It  can  be  seen  that  there  was  significantly  more 
CO,  C02,  CH^,  and  H20  present  during  this  layer  growth.  Therefore  a new 
design  was  employed  for  the  A1  and  Ga  sources. 

The  newly  designed  A1  and  Ga  sources  were  basically  similar  to 
previous  designs,  but  used  a flanged  pyrolytic  boron  nitride  crucible 
instead  of  a straight  sided  crucible  as  before.  This  eliminated  any 
direct  or  nearly  direct  paths  from  the  hot  heater  filament  area  to  the 
substrate.  In  retrospect,  this  was  probably  the  most  significant  improve- 
ment to  the  MBE  system,  since  A1 20  and  A10  has  been  detected  by  other 
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lass  spectrometer  scan  taken  during  the  growth  of  layer  141,  which  was 
ligh  resistivity  A1  n.Ga  qaAs. 


Fig.  3.  Mass  spectrometer  scan  taken  during  the  growth  of  layer  206,  which  was 
conducting  n-type  A1  ,Ga  7As. 


SC79-4539 


Mass  spectrometer  scan  taken  during  the  growth  of  layer  196,  which  was 
high  resistivity  AlGaAs. 
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researchers  from  a source  with  construction  similar  to  our  first  design 

(31 

operating  at  about  the  same  temperature'  ' . This  was  reported  to  be  due 

to  reduction  of  Al^Oj  by  the  Ta  heater  wires. 

Another  factor  which  contributed  to  the  difficulty  in  producing 

conducting  n-type  AlGaAs  was  the  instability  experienced  with  the  Sn  doping 

source.  Several  doping  runs  were  attempted  in  which  the  Sn  flux  was  cal- 

18  3 

culated  to  give  >10  /cm  dopant  concentration  in  the  AlGaAs  layer,  but 

which  were  later  found  to  have  received  much  less  Sn.  It  was  eventually 

discovered  that  running  the  Sn  source  at  elevated  temperatures  caused  a 

drastic  change  in  calibration,  and  that  often  the  dopant  flux  had  been 

an  order  of  magnitude  lower  than  intended.  In  view  of  the  low  activation 

of  Sn  in  GaAlAs,  this  factor  may  have  prevented  the  successful  production 

of  conducting  n-type  GaAlAs  in  a number  of  early  runs. 

Figure  5 shows  a plot  of  electron  Hall  mobility  as  a function  of 

doping  density  for  two  growths  which  produced  conducting  AlGaAs.  These 

growths  were  done  with  a constant  Sn  dopant  flux,  while  the  A1  flux  was 

varied  to  give  different  compositions.  A linear  shutter  was  used  to  mask 

successively  larger  portions  of  the  substrate  as  the  A1  content  was  reduced. 

Highly  doped  n-type  GaAs  was  then  deposited  over  the  entire  wafer  for  ease 

in  making  ohmic  contact.  The  result  was  a wafer  with  three  layers  of  AlGaAs, 

each  with  a different  A1  content,  and  each  lying  on  top  of  a layer  with 

about  an  order  of  magnitude  higher  resistivity.  Thus,  three  different 

AlGaAs  compositions  could  be  produced  and  independently  measured  in  each 

run.  The  A1  content  was  determined  from  the  77K  photoluminescence.  A 

point  representing  one  typical  MBE  GaAs  layer  doped  with  Sn  to  the  same 

(4) 

level  as  the  GaAlAs  is  also  shown,  as  is  an  LPE  result'  7 and  GaAs  theore- 
tical maximum  curve  for  comparison.  It  is  seen  that  the  addition  of  even 
small  amounts  of  A1  rapidly  decreases  the  free  electron  concentration  and 
the  carrier  mobility. 

The  decrease  in  free  carrier  density  is  approximately  inversely 
proportional  to  the  A1  content  of  the  layer.  In  Fig.  6,  free  carrier 

13 


« 


SC79-4613 


Rockwell  International 


SC5158.2FR 

density  is  plotted  as  a function  of  A1  content  for  two  growth  runs. 

Except  for  layer  206-1,  data  for  all  of  the  layers  lie  along  a straight 

18  -3 

line  with  a slope  of  -4.3  x 10  cm  . The  zero-Al  intercept  is  n(0)  s 

18  -3  18  -3 

1.4  x 10  cm  in  good  agreement  with  the  known  value  of  n(0)  = 2 x 10  cm 

obtained  from  the  calibration  of  n vs.  source  temperature  for  the  Sn  doping 

source  and  GaAs  layer  growth. 

Current-voltage  measurements  were  made  at  room  temperature  on 
several  of  the  GaAs/AlGaAs  heterojunctions.  Ohmic  contact  in  all  cases 
was  made  to  the  substrate  by  the  In  used  to  mount  the  wafers  in  the  MBE 
chamber.  Ohmic  contact  to  the  AlGaAs  layers  was  made  in  a standard  way 
by  depositing  an  Au/Ge  alloy  onto  a heavily  doped  thin  GaAs  layer  grown 
on  the  AlGaAs.  This  Au/Ge  alloy  was  annealed  at  about  450°C  on  a strip 
heater  in  flowing  to  make  the  ohmic  contact.  These  contacts  were  checked 
for  ohmic  behavior  to  the  top  GaAs  layer,  then  I-V  measurements  were  made 
across  the  entire  GaAs-GaAlAs-GaAs  structure.  Figure  7 shows  a typical 
I-V  trace.  No  indication  of  non-ohmic  behavior  was  observed,  even  at  the 
lowest  current  and  voltage  levels.  More  measurements  at  lower  temperatures 
will  be  made  on  these  layers  in  the  future  by  Prof.  Kroemer. 

Some  initial  C-V  measurements  were  made  by  Prof.  Kroemer  on  the 
MBE  GaAs/AlGaAs/GaAs  n-n-n  structures.  Figure  8 shows  data  from  one  of 
those  measurements.  At  room  temperature,  the  C-V  profile  indicated  that 
the  AlGaAs  layer  in  this  growth  had  a very  low  carrier  concentration  and 
was  depleted  at  zero  bias.  This  sample  also  exhibited  considerable  hyster- 
esis in  the  capacitance-voltage  characteristic,  presumably  as  a result 
of  traps  in  the  AlGaAs  layer.  Measurements  will  be  made  at  higher  tempera- 
tures in  an  effort  to  reduce  trapping  effects. 

Photoluminescence  measurements  were  made  on  a number  of  AlGaAs 
layers  produced  for  this  contract.  The  measurements  were  made  at  77K  and 
were  used  to  determine  the  alloy  composition.  The  aluminum  fraction  x 
was  determined  from  the  relation: 
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x( 77 ) = (9569A)/X(77K)  - 1.163  (1) 

Equation  1 was  obtained  from  published  values  for  the  composition  depen- 
dence of  bandgap,  the  temperature  dependence  of  the  GaAs  bandgap,  and  the 
composition  dependence  of  the  di ference  between  77K  and  300K  photolumin- 
escence peaks,  i.e. 

Eg(x,  77K)  = Eg(x,300K)  + AEg(x),  where  (2) 

AEg(x)  s Eg(x,77K)  - Eg(x,300K).  (3) 

(51 

The  composition  dependent  energy  gap  was  taken  to  bev  ' 

Eg(x,300K)  = 1.424eV  + 1.247x  eV.  (4) 

The  difference  between  300K  and  77K  photoluminescence  peak  positions  as 
a function  of  composition  has  been  reported  as 

AEg(x)  = AEg(O)  ( 1 + 0.6x1 (6).  (5) 

The  value  of  Eg(0)  can  be  obtained  from 

Eg(0,T)  = 1.519eV  - (5.405  x 10'4T2)(T  + 204)_1eV(7).  (6) 

Combining  Eq.  2-6  gives 

Eg(x,77)  = 1.509eV  + 1.298x  eV.  (7) 

Converting  to  wavelength  and  solving  for  x gives  Eq.  1.  Values  of  composi 
tions  obtained  from  photoluminescence  measurements  and  Eq.  1 are  shown  in 
Table  1 with  two  significant  figures;  the  composition  of  other  layers  was 
estimated  from  Ga  and  A1  flux  measurements. 
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For  a number  of  layers,  two  distinct  photoluminescent  peaks 
were  observed.  The  wavelength  and  intensity  of  these  peaks  is  listed  in 
Table  2.  The  shorter  wavelength  peak  was  assumed  to  be  near-band  edge 
luminescence,  while  the  longer  wavelength  peak  appears  to  be  associated 
with  donor  atoms  in  the  GaAlAs.  A spectrum  of  the  luminescence  from  one 
of  the  samples  is  shown  in  Fig.  9.  The  level  responsible  for  this  lumin- 
escence moves  further  in  energy  from  the  band  edge  as  doping  density  in- 
creases, while  A1  content  does  appear  to  decrease  the  intensity  of  the 
luminescence  faster  than  the  band  edge  luminescence,  however.  This  second 
peak  is  not  seen  in  all  AlGaAs  layers,  and  its  origin  is  not  understood. 
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3.0  SUMMARY 

Molecular  beam  epitaxy  was  used  to  provide  samples  for  extremely 

(21 

abrupt  GaAs/GaAlAs  heterojunctions  for  AES  profiling  of  the  interface'  ' 
and  ESCA  measurements  of  the  AlAs  valence  band  structure.  The  latter 
samples  consist  of  MBE  AlAs  layers  covered  with  50A  to  100A  of  GaAs  as 
protection  against  oxidation.  This  allows  them  to  be  transferred  to  the 
ESCA  chamber,  where  a sputter/anneal  cycle  is  used  to  remove  the  GaAs  and 
leave  a clean  AlAs  surface.  Details  of  experiments  done  with  these  layers 
will  be  reported  under  ONR  contract  No.  N00014-78-C-1109  (R.  Grant,  prin- 
cipal investigator). 

A large  amount  of  effort  was  used  for  the  study  of  MBE  growth 
of  n-type  AlGaAs.  This  was  done  to  provide  material  for  GaAs(n)/AlGaAs(n) 
heterojunctions,  in  an  attempt  to  understand  the  nature  of  electrical 
transport  across  this  interface.  N-type  AlGaAs  was  produced  although 
all  the  n-type  conducting  AlGaAs  layers  grown  by  MBE  had  low  activation 

of  the  dopant  ( 2%-4%)  and  relatively  low  room  temperature  mobilities 

2 2 
(650cm  /v-sec  to  1200cm  /v-sec). 

Several  changes  were  made  to  the  MBE  chamber,  which  led  to  the 

production  of  conducting  n-type  AlGaAs.  Those  which  were  probably  most 

important  concerned  the  design  of  the  A1  and  Sn  sources.  The  early  A1 

source  design  probably  produced  A10  or  A^O  in  the  aluminum  beam,  due  to 

reduction  of  A1 203  support  pieces  by  the  Ta  heater  wire.  This  problem  was 

reduced  by  using  a redesigned  pyrolytic  boron  nitride  crucible  which  has 

a flanged  exit  end,  eliminating  possible  paths  from  high  temperature  heater 

parts  to  the  substrate.  The  performance  of  the  Sn  doping  source  was  found 

to  change  drastically  when  it  was  used  at  high  temperatures  to  produce 

18  3 

dopings  of  greater  than  10  /cm  . This  resulted  in  a number  of  layers 
which  were  doped  much  less  heavily  than  planned.  The  source  eventually 
stabilized  after  several  runs  at  very  high  doping  levels. 
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Another  factor  which  undoubtedly  influenced  the  quality  of  the 
n-type  AlGaAs  was  the  level  of  residual  F^O,  CO  and  other  vacuum  contami- 
nants in  the  chamber.  Purchase  of  a cryogenic  pump  and  modification  of 
the  source  shrouding  to  use  liquid  nitrogen  reduced  the  level  of  these 
contaminant  gasses  by  approximately  a factor  of  four. 

Some  initial  measurements  were  made  on  the  electrical  proper- 
ties of  n-GaAs/n-AlGaAs  and  n-GaAs/n-AlGaAs/n-GaAs  structures.  I-V 
measurements  on  n-n  structures  at  room  temperature  showed  no  deviations 
from  ohmic  behavior,  while  C-V  measurements  on  n-n-n  structures  were 
hampered  by  trapping  effects  in  the  AlGaAs.  The  question  therefore  still 
is  unanswered  why  some  experiments,  such  as  C-V  profiling  of  LPE  hetero- 
junctions, indicate  a conduction  band  spike,  yet  transport  measurements 
do  not  exhibit  rectification. 

Photoluminescence  spectra  of  Sn-doped  AlGaAs  showed  two  distinct 
peaks;  one  peak  is  near-band  edge  luminescence,  while  the  second  peak 
appears  to  be  associated  with  the  presence  of  Sn. 

In  the  future,  work  will  be  continued  on  the  growth  of  the 
AlAs/GaAs  heterojunctions  for  ESCA  valence  band  discontinuities  studies 
under  contract  no.  N00014-78-C-1109.  The  samples  prepared  to  date  have 
been  satisfactory,  and  required  no  special  growth  procedures. 

Several  tasks  need  to  be  undertaken  in  order  to  produce  com- 
pletely satisfactory  n-type  AlGaAs  for  heterojunction  transport  measure- 
ments and  C-V  profiling.  Further  redesign  of  the  A1  source  is  needed  to 
reduce  outgassing.  The  Sn  doping  source  should  be  rebuilt  for  more  reliable 
performance.  Other  n-type  dopants,  particularly  Si,  should  be  investigated 
in  order  to  obtain  higher  dopant  activation.  The  relation  between  growth 
parameters  (rate,  substrate  temperature,  As/Ga  ratio)  and  the  second 
photoluminescence  peak  must  be  investigated  for  several  n-type  dopants 
to  understand  the  relation  between  the  electronic  level  producing  the 
photoluminescence  and  the  low  dopant  activation  and  mobility.  The  relation 
of  background  vacuum  to  material  electronic  properties  also  needs  to  be 
explored  in  the  range  of  vacuum  now  attainable. 
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